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M �� ���

N

R
ationalpreferences

N

U
tilities

N

M
oney

N

M
ultiattribute

utilities

N

D
ecision

netw
orks

N

V
alue

ofinform
ation
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A
n

agentchooses
am

ong
priz

es
(R

,S

,etc.)
and

lotteries
,i.e.,situations

w
ith

uncertain
prizes

Lottery T
UV WX RYZ\[ ]

W^ X S_

L

p

1
−

p

A`B

N
otation:

Ra S
R

preferred
to S

R b
S

indifference
betw

eenR

andS

R ab S
S

notpreferred
to R
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Idea:
preferences

ofa
rationalagentm

ustobey
constraints.

R
ationalpreferencesf

behavior
describable

as
m

axim
ization

ofexpected
utility

C
onstraints:

O
rderability

Z Ra S^ gZ Sa R^ gZ R b
S^

Transitivity

Z Ra S^ hZ Sa i
^ fZ Ra i
^

C
ontinuity

Ra Sa i
f jWV WX RY [ ]
WX i
_ b
S

S
ubstitutability

R b
SfV WX RY [ ]
WX i
_ b
V WX SY [ ]
WX i
_

M
onotonicity

Ra SfZ W k
l m
V WX RY [ ]
WX S_ abV lX RY [ ]
lX S_^

+,-./0 12342
5 67/.- 89 5 :; <--. 66, 1/ =:>0 ?@ 7A B CDDE

F G,H I. ?CJ
n Ln



d �� �� �� �
e � P � ��Q
�
� ���
o

V
iolating

the
constraints

leads
to

self-evidentirrationality

F
or

exam
ple:

an
agent

w
ith

intransitive
preferences

can
be

induced
to

give
aw

ay
allits

m
oney

If Sa i

,
then

an
agent

w
ho

hasi
w

ould
pay

(say)
1

centto
get S

If Ra S

,
then

an
agent

w
ho

has S
w

ould
pay

(say)
1

centto
getR

Ifi
a R

,
then

an
agent

w
ho

has R

w
ould

pay
(say)

1
centto

geti
Ap

B
C

1
c

1
c

1
c
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e �
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T
heorem

(R
am

sey,1931;von
N

eum
ann

and
M

orgenstern,1944):
G

iven
preferences

satisfying
the

constraints
there

exists
a

real-valued
functionw

such
that

wZ R^ k
wZ S^ m
R ab S

wZV W xX yxY zzzYW {X y{_^ U|
}W } wZ y}^

M
E

U
principle

:
C

hoose
the

action
thatm

axim
izes

expected
utility

N
ote:

an
agentcan

be
entirely

rational(consistentw
ith

M
E

U
)

w
ithoutever

representing
or

m
anipulating

utilities
and

probabilities

E
.g.,a

lookup
table

for
perfecttictactoe
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U
tilities

m
ap

states
to

realnum
bers.

W
hich

num
bers?

S
tandard

approach
to

assessm
entofhum

an
utilities:

com
pare

a
given

state R

to
a

standard
lotter

y T�

thathas
“bestpossible

prize”��

w
ith

probabilityW

“w
orstpossible

catastrophe”��

w
ith

probabilityZ [ ]
W^

adjustlottery
probabilityW

untilR bT�

L

0
.9

9
9

9
9

9

0
.0

0
0

0
0

1

continue as before

instant death

pay $30
~
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N
orm

aliz
ed

utilities
:�� U[z� ,�� U� z�

M
icrom

orts
:

one-m
illionth

chance
ofdeath

usefulfor
R

ussian
roulette,paying

to
reduce

productrisks,etc.

Q
A

LY
s:

quality-adjusted
life

years
usefulfor

m
edicaldecisions

involving
substantialrisk

N
ote:

behavior
is

in
variant

w
.r.t.

linear
transform

ation

w��Z��^ U�x wZ��^ �
��

w
here�x �

�

W
ith

determ
inistic

prizes
only

(no
lottery

choices),only
ordinal

utility
can

be
determ

ined,i.e.,totalorder
on

prizes
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F
or

each�
,adjustW

untilhalfthe
class

votes
for

lottery
(M

=
10,000)

p

$x
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0
500

3000
4000

5000
6000

7000
8000

9000
10000

1000
2000
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M
oney

does
not

behave
as

a
utility

function

G
iven

a
lotteryT

w
ith

expected
m

onetary
value��

�Z T^ ,
usuallywZ T^ �

wZ ��
�Z T^^ ,i.e.,people

are
risk-a

verse

U
tility

curve:
for

w
hatprobabilityW

am
Iindifferentbetw

een
a

fixed
prize�

and
a

lotteryV WX � �
YZ [ ]
W^ X � �_ for

large�

?

Typicalem
piricaldata,extrapolated

w
ith

risk-pr
one

behavior:
+U

+$

−150,000
800,000

o

o
o

o
o

o
o

o
o

o
o

o
o

o

o
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A
dd

action
nodes

and
utility

nodes
to

beliefnetw
orks

to
enable

rationaldecision
m

aking

U

A
irport S

ite

D
eaths

N
oise

C
ost

Litigation

C
onstruction

A
ir T

raffic

A
lgorithm

:
F

or
each

value
ofaction

node
com

pute
expected

value
ofutility

node
given

action,evidence
R

eturn
M

E
U

action
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H
ow

can
w

e
handle

utility
functions

ofm
any

variables�x zzz�{

?
E

.g.,w
hatiswZ\�����

�X �
 ¡��X i
 ��^ ?

H
ow

can
com

plex
utility

functions
be

assessed
from

preference
behaviour?

Idea
1:

identify
conditions

under
w

hich
decisions

can
be

m
ade

w
ithout

com
-

plete
identification

ofwZ��xX zzzX �{^

Idea
2:

identify
various

types
ofindependence

in
preferences

and
derive

consequentcanonicalform
s

forwZ��xX zzzX �{^
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Typically
define

attributes
such

thatw

is
m

onotonic
in

each

S
trict

dom
inance

:
choiceS

strictly
dom

inates
choiceR

iff

¢ ¡ �}Z S^ k
�}Z R^

(and
hencewZ S^ k

wZ R^ )

1
X

  

2
X

  

A

B
C

D

1
X

  

2
X

  

A

B

C

T
his region

dom
inates 

A

D
eterm

inistic attributes
U

ncertain attributes

S
trictdom

inance
seldom

holds
in

practice
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Idea:
com

pute
value

ofacquiring
each

possible
piece

ofevidence
C

an
be

done
directly

from
decision

netw
ork

E
xam

ple:
buying

oildrilling
rights

Tw
o

blocks R

and S

,exactly
one

has
oil,w

orth�

P
rior

probabilities
0.5

each,m
utually

exclusive
C

urrentprice
ofeach

block
is�¤\¥

C
onsultantoffers

accurate
survey

of R

.
Fair

price?

S
olution:

com
pute

expected
value

ofinform
ation

=
expected

value
ofbestaction

given
the

inform
ation

m
inus

expected
value

ofbestaction
w

ithoutinform
ation

S
urvey

m
ay

say
“oilin

A
”

or
“no

oilin
A

”,prob.
0.5

each
=

[� z¦ §

value
of“buy

A
”

given
“oilin

A
”

+� z¦ §

value
of“buy

B
”

given
“no

oilin
A

”]
–

0
=Z � z¦ §

�¤ ¥^ �
Z � z¦ §
�¤\¥^ ]
� U�¤\¥
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� �t
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C
urrentevidence �

,currentbestaction©

P
ossible

action
outcom

esy} ,potentialnew
evidence�ª

�wZ ©« �^ U¬ ®¯ |
} wZ y}^\°Z y}« �X �^

S
uppose

w
e

knew�ª U�ª ±

,then
w

e
w

ould
choose©²³ ´

s.t.

�wZ ©²³ ´ « �X �ª U�ª ±^ U¬ ®¯ |} wZ y}^ °Z y}« �X �X �ª U�ª ±^

�ª

is
a

random
variable

w
hose

value
isµ¶''%·&¸¹

unknow
n

f

m
ustcom

pute
expected

gain
over

allpossible
values:

� °º
»Z �ª ^ U¼ |± °Z �ª U�ª ±« �^ �wZ ©²³ ´ « �X �ª U�ª ±^½ ]
�wZ ©« �^

(V
P

I=
value

ofperfectinform
ation)
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O��e  �� �Q
� P
£ O�

N
onnegative

—
in

expectation,notposthoc

¢¾ X �� °º
»Z �ª ^ k
�

N
onad

ditive
—

consider,e.g.,obtaining �ª

tw
ice

� °º
»Z �ª X �±^ ¿ U� °º
»Z �ª ^ �
� °º
»Z �±^

O
rder-independent

� °º
»Z �ª X �±^ U� °º
»Z �ª ^ �
� °º
»À »³ Z �±^ U� °º
»Z �±^ �
� °º
»À »´ Z �ª ^

N
ote:

w
hen

m
ore

than
one

piece
ofevidence

can
be

gathered,
m

axim
izing

V
P

Ifor
each

to
selectone

is
notalw

ays
optim

al

f

evidence-gathering
becom

es
a

sequential
decision

problem
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a)
C

hoice
is

obvious,inform
ation

w
orth

little
b)

C
hoice

is
nonobvious,inform

ation
w

orth
a

lot
c)

C
hoice

is
nonobvious,inform

ation
w

orth
little

P
(

U
 | E

)jÄ

P
(

U
 | E

)jÄ
P

(
U

 | E
)jÄ

(a) 
(b)

(c)

U
U

U
U

  1
U

  2
U

  2
U

  2
U

  1
U

  1
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